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ABSTRACT 
Palm oil mill effluent (POME) is an agro-industrial wastewater from palm oil 
processing. It is characterized by presence high organic compounds that cause 
serious air, soil and water pollutions. Both large and laboratory scale technologies 
are used to solve the problems that evolved from the discharge of POME. Previously, 
biodiesel was obtained from POME using immobilized Candida rugosa lipase in 
Polyvinyl alcohol (PVA) alginate-sulfate beads, which prior that study, was seen as a 
good substrate for biodiesel production due to its high amount of oil and grease. In 
this study, biodiesel production from POME using immobilized Candida rugosa 
lipase in PVA-alginate-sulfate beads was optimized using Box-Behnken design 
(BBD) of response surface methodology (RSM). Four parameters responsible for 
biodiesel production from POME were adopted from the previous study; these are 
methanol/POME ratio, reaction time, weight of the immobilized beads and agitation 
speed. The highest conversion (91%) and biodiesel yield of oleic methyl esters (65%) 
and palmitic methyl esters (45%) were obtained at the following optimum 
conditions; agitation speed (300rpm), POME/methanol ratio (1:6), incubation period 
(5hours) and weight of the immobilized beads weight (2g). Michaelis-Menten kinetic 
parameters of the immobilized and free lipase were determined through the 
hydrolysis of olive oil. Lineweaver-Burk plot indicated the corresponding values of 
Km and Vmax were 0.0506 g/ml and 21.09 U/ml for free lipase and 0.0686 g/ml and 
15.95 U/ml for immobilized lipase. The important fuel properties of the biodiesel 
such as flash point, kinematic viscosity, water and sediment and copper strip 
corrosion were evaluated according to the American Society for Testing of Materials 
(ASTM D6751) and European Standard (EN 14214) and were found to be in good 
agreement with the standard quality and specification. 
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ABSTRAK 
 Sisa buangan kelapa sawit (POME) adalah air sisa industri pertanian 
yang terhasil daripada pemprosesan minyak sawit, dimana ianya dicirikan dengan 
kewujudan bahan organik yang tinggi yang boleh mengakibatkan pencemaran udara, 
tanah dan air yang serius. Kedua-dua teknologi berskala besar dan skala makmal 
telah digunakan bagi menyelesaikan masalah yang berpunca daripada POME. 
Sebelum ini, biodiesel yang terhasil daripada POME menggunakan Candida rugosa 
lipase yang telah disekat gerak ke dalam manik PVA-alginate-sulfat dimana ianya 
dilihat sebagai substrat yang baik bagi menghasilkan biodiesel kerana ianya 
mengandugi minyak dan gris yang banyak. Dalam kajian ini, penghasilan optimum 
biodiesel daripada POME menggunakan Candida rugosa lipase yang telah disekat 
gerak ke dalam manik PVA-alginate-sulfat menggunakan kaedah Box-Behnken 
(BBD) daripada metodologi permukaan balas (RSM). Empat parameter yang 
mempengaruhi penghasilan biodiesel daripada POME telah diterima pakai daripada 
kajian yang terdahulu iaitu nisbah metanol/POME, masa tindak balas, berat manik 
yang telah disekat gerak dan kelajuan putaran. Penukaran tertinggi (91.02%) dan 
biodiesel oleik metil ester (65.06%) dan palmitik metil ester (44.57%) telah 
diperolehi pada keadaan optimum yang berikut; kelajuan putaran (300rpm), nisbah 
POME / metanol (1:6), tempoh tindak balas (5 jam) dan berat manik sekat gerak 
(2g). Michaelis-Menten kinetik parameter lipase yang disekat gerak dan bebas 
ditentukan melalui hidrolisis minyak zaitun. Lineweaver-Burk plot menunjukkan 
nilai yang berkaitan daripada Km dan Vmax iaitu 0.0506 g/ml dan 21.09 U/ml untuk 
lipase yang bebas dan 0.0686 g/ml dan 15.95 U/ml untuk lipase disekat gerak. Sifat-
sifat bahan api yang penting dalam biodiesel seperti titik kilat, kinematik kelikatan, 
air dan sedimen dan hakisan jalur tembaga didapati memenuhi kehendak piawaian 
Persatuan Amerika bagi Ujian Bahan (ASTM). 
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CHAPTER 1 
 
 
 
 
1INTRODUCTION 
 
 
 
 
1.1 Background of the Research 
 
 
Palm oil mill effluent (POME) is an agro-industrial wastewater from palm oil 
processing, it has a very high suspended organic components such as nitrogenous 
compounds, simple sugars, free organic acids as well as lipids. Common sewage is 
hundred times less polluting than the POME, treatment of this organic pollutant 
fulfill the demand for sustainable palm oil production (Jeong et al., 2014; Liew et al., 
2015). Several technologies for the treatment of POME have been reported, the 
system requires further exploration which gives a sustainable solution to the polluted 
water, by taking the waste and using it to produce value added products (Liew, et al., 
2015). There are around 3000-6000 mg/l of oil and grease in POME (Ahmad et al., 
2008; Ujang et al., 2010), that shows similar characteristics to that of Jatropha oil 
and commercial palm oil that can be converted into biodiesel (Primandari et al., 
2013).  
 
 
A number of enzymes and cells had been immobilized as biocatalyst in PVA 
and its derivatives. Some example include lactase, lipase (Bonine et al., 2014; Dave 
and Madamwar, 2006), amylase (Renmei and Danian, 2009), invertase (Jusoh et al., 
2014) and ochrobactrum sp. DaVK1 cells (Sanjeev Kumar et al., 2012), lipase play a 
key role and applied in biotechnology in wider spectrum (Pierozan et al., 2011). The 
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production of biodiesel from POME by incorporating lipases in carrier material like 
PVA-alginate-sulfate beads has been reported (Zulkifli, 2015). 
 
 
Poly vinyl alcohol (PVA) is a non-toxic, high strength synthetic polymer, 
with the ability to stabilize and preserve protein activity that has been extensively 
applied in biotechnology for immobilization of enzymes as well as complete cell 
(Bonine, et al., 2014; Zarei et al., 2014). PVA-alginate-sulfate beads are stable 
microspheres of high quality, rubber like elasticity and strength both mechanically 
and chemically. The beads do not agglomerate in aqueous solution (Seker and Mohd 
Zain, 2014). 
 
 
Lipase is an enzyme that catalyse the synthesis or esterification of free fatty 
acids esters (biodiesel) from useful or waste oil such as POME (Ranganathan et al., 
2008). In recent years the biodiesel production has gained importance because of its 
ability to replace fossil fuels by blending with conventional fossil diesel. The two-
level factorial design in biodiesel production from POME using immobilized 
commercial lipase in PVA-alginate-sulfate matrix shows the effect of variables 
including methanol/POME mass ratio, temperature, agitation rate, reaction time, and 
beads weight (Zulkifli, 2015). 
 
 
Despite the carrier material (beads) allow continuous process, controlled over 
the product formation, recovery, reusability and increase in their economic viability 
as compared with expensive free enzymes which are discarded after single use 
(Bonine, et al., 2014; Cao et al., 2003), the biodiesel yield from the POME using 
immobilized lipase in PVA-alginate-sulfate beads is low (Zulkifli, 2015). In this 
present study, parameters that are involve in the production of biodiesel from POME 
will be optimized using Response surface methodology (RSM). 
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1.2 Statement of Problem  
 
 
One of the most important crop in Malaysia is the oil palm which its 
plantation reaches 5 million hectares in 2011 as compared to 400 hectares of land in 
1920 (Tan et al., 2009). According to Azmi and Yunos (2014), crude oil productions 
(CPO) have increases drastically up to 18.3 million tonnes in 2014 when compared 
to only 1.3 million tonnes in 1975. However, increase in capacity of the palm oil 
industries produce large amount of wastes. These wastes include oil palm fronds, oil 
palm shell, oil palm trunks, empty fruit bunches, fibres and POME (Azmi and 
Yunos, 2014).  
 
 
The POME is a liquid effluent from the wet milling process performed in the 
palm oil mill industry in which its estimates discharge from the industry is around 55 
million m
3
 per annum (Ujang, et al., 2010). Therefore, the disposal of this effluent is 
a critical issue to the environment. That is why Malaysian Department of 
Environment (DOE) obliged to satisfy the threshold values before being discharged 
into the watercourses. 
 
 
Biodiesel as an important biofuel on the other hand had attracted intensive 
attention because they are renewable product with less CO2 emmission that is 
capable of substituting the fossil diesel. The raw materials used in biodiesel 
production are vegetable oils, short chain alcohols and animal fats. Although there 
are variations in the type of oil used in biodiesel production across the world, the 
most widely used are rapeseed oil, soybean oil, sunflower oil and palm oil. However, 
despite it high free fatty acid contents, the production of biodiesel from the POME 
waste is less. 
 
 
Based on the previous work by Zulkifli (2015), two-level factorial design was 
applied as a tool for screening the parameters that are involve in optimum biodiesel 
production from POME using immobilized commercial Candida rugosa lipase in 
PVA-alginate sulfate beads. Although there was a significant biodiesel yield of both 
4 
oleic methyl ester and palmitic methyl ester, this approach is however time 
consuming as more experimental runs are required. Some of the optimal conditions 
might be missed in the process and the interactions between the variables selected are 
unpredictable. The cost of production in the industry would be higher due to the 
usage of the substances such as enzymes and methanol. Thus, box-behnken design 
(BBD) of experiments was further used to study the optimization of enzymatic 
transesterification of POME to biodiesel. 
 
 
 
 
1.3 Objectives of the Research 
 
 
 The objectives are as follows: 
1. To immobilize lipase in PVA-alginate-sulfate beads. 
2. To optimize the variables that are involved in the efficiency of 
biodiesel production from the POME (methanol/POME ratio, 
agitation rate, reaction time and immobilized beads weight). 
3. To characterize the biodiesel according to Economic Research 
Institute for ASEAN and East Asia (ERIA) biodiesel standards. 
 
 
 
 
1.4 Scope of Research 
 
 
In this optimization study, statistical tool RSM using Design Expert® 
software (State-Ease Inc. version 7.1.6) was employed in designing of experiments 
for the biodiesel production from POME. The factors that were optimized include; 
methanol/POME molar ratio, agitation rate, reaction time, and immobilized beads 
weight. Commercial lipase from Candida rugosa was used for the enzymatic 
transesterification and the biodiesel was analysed using volumetric and gas 
chromatography flame ionization detector (GC-FID). The physicochemical 
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properties of the biodiesel were determined in accordance with Economic Research 
Institute for ASEAN and East Asia (ERIA) standards which applies both American 
Society for Testing of Material (ASTM D6751) standards and European (EN ISO) 
standards and specifications, the property and test method used include; flash point 
(ISO 3679), water and sediment (D2709), corrosiveness (ISO 2160), total glycerol 
(EN 14105) and kinematic viscosity (ISO 3104). 
 
 
 
 
 
1.5 Significance of Research 
 
 
This study would increase the production of biodiesel from POME as well as 
treating the pollution cause by the agro-industrial wastewater. Apart from this, the 
study may be able to reduce the usage of fossils fuel which is toxic to the 
environment as compared to the biodiesel which has less effect to the system. 
 
 REFERENCES 
 
Abd-Elhakeem, M. A., Elsayed, A. M. and Alkhulaqi, T. A. (2013). New 
Colorimetric Method for Lipases Activity Assay in Microbial Media. 
American Journal of Analytical Chemistry. 4(9), 442-444. 
Adlercreutz, P. (2013). Immobilisation and application of lipases in organic media. 
Chemical Society Reviews. 42(15), 6406-6436. 
Adlercreutz, P. (2014). Effects of Regioselectivity and Lipid Class Specificity of 
Lipases on Transesterification, Exemplified by Biodiesel Production. Journal 
of the American Oil Chemists' Society. 91(7), 1283-1290. 
Ahmad, A. (2014). A novel application of red mud-iron on granulation and treatment 
of palm oil mill effluent using upflow anaerobic sludge blanket reactor. 
Environmental Technology. 35(21), 2718-2726. 
Ahmad, A., Chan, C., Shukor, S. A. and Mashitah, M. (2008). Recovery of oil and 
carotenes from palm oil mill effluent (POME). Chemical Engineering 
Journal. 141(1), 383-386. 
Ahmad, A., Shah, S. M. U., Othman, M. F. and Abdullah, M. A. (2014). Aerobic and 
anaerobic co-cultivation of Nannochloropsis oculata with oil palm empty fruit 
bunch for enhanced biomethane production and palm oil mill effluent 
treatment. Desalination and Water Treatment. 56(8), 1-11. 
Akoh, C. C., Chang, S.-W., Lee, G.-C. and Shaw, J.-F. (2007). Enzymatic approach 
to biodiesel production. Journal of Agricultural and Food Chemistry. 55(22), 
8995-9005. 
Al-Zuhair, S., Ling, F. W. and Jun, L. S. (2007). Proposed kinetic mechanism of the 
production of biodiesel from palm oil using lipase. Process Biochemistry. 
42(6), 951-960. 
68 
Azeem, M. W., Hanif, M. A., Al-Sabahi, J. N., Khan, A. A., Naz, S. and Ijaz, A. 
(2016). Production of biodiesel from low priced, renewable and abundant 
date seed oil. Renewable Energy. 86, 124-132. 
Azmi, N. S. and Yunos, K. F. M. (2014). Wastewater Treatment of Palm Oil Mill 
Effluent (POME) by Ultrafiltration Membrane Separation Technique Coupled 
with Adsorption Treatment as Pre-treatment. Agriculture and Agricultural 
Science Procedia. 2, 257-264. 
Bacha, J., Freel, J., Gibbs, A., Gibbs, L., Hemighaus, G., Hoekman, K., Horn, J., 
Gibbs, A., Ingham, M. and Jossens, L. (2007). Diesel fuels technical review. 
Chevron Global Marketing. 
Bala, J. D., Lalung, J. and Ismail, N. (2014). Palm Oil Mill Effluent (POME) 
Treatment ‗‗Microbial Communities in an Anaerobic Digester‘‘: A Review. 
International Journal of Scientific and Research Publications. 4(6). 
Batista, K. A., Lopes, F. M., Yamashita, F. and Fernandes, K. F. (2013). Lipase 
entrapment in PVA/Chitosan biodegradable film for reactor coatings. 
Materials Science and Engineering: C. 33(3), 1696-1701. 
Betiku, E., Okunsolawo, S. S., Ajala, S. O. and Odedele, O. S. (2015). Performance 
evaluation of artificial neural network coupled with generic algorithm and 
response surface methodology in modeling and optimization of biodiesel 
production process parameters from shea tree (Vitellaria paradoxa) nut butter. 
Renewable Energy. 76, 408-417. 
Bezerra, C. S., de Farias Lemos, C. M. G., de Sousa, M. and Gonçalves, L. R. B. 
(2015). Enzyme immobilization onto renewable polymeric matrixes: Past, 
present, and future trends. Journal of Applied Polymer Science. 132(26). 
Bhatia, S., Othman, Z. and Ahmad, A. L. (2007). Pretreatment of palm oil mill 
effluent (POME) using Moringa oleifera seeds as natural coagulant. Journal 
of Hazardous Materials. 145(1), 120-126. 
Bhushan, I., Parshad, R., Qazi, G. N. and Gupta, V. K. (2008). Immobilization of 
lipase by entrapment in Ca-alginate beads. Journal of Bioactive and 
Compatible Polymers. 23(6), 552-562. 
Bingöl, D., Hercan, M., Elevli, S. and Kılıç, E. (2012). Comparison of the results of 
response surface methodology and artificial neural network for the 
biosorption of lead using black cumin. Bioresource technology. 112, 111-115. 
69 
Boakye, P. Biodiesel Production from Selected Non-Edible Feedstocks using 
Unsupported Potassium Carbonate. Master of Science Thesis. Kwame 
Nkrumah University of Science and Technology Ghana; 2013. 
Bonine, B. M., Polizelli, P. P. and Bonilla-Rodriguez, G. O. (2014). Immobilization 
of a Plant Lipase from Pachira aquatica in Alginate and Alginate/PVA Beads. 
Enzyme research. 
Bourlieu, C., Rousseau, F., Briard-Bion, V., Madec, M.-N. and Bouhallab, S. (2012). 
Hydrolysis of native milk fat globules by microbial lipases: Mechanisms and 
modulation of interfacial quality. Food Research International. 49(1), 533-
544. 
Brady, D. and Jordaan, J. (2009). Advances in enzyme immobilisation. 
Biotechnology letters. 31(11), 1639-1650. 
Brockerhoff, H. (2012). Lipolytic enzymes. Elsevier. 
Cao, L. (2006). Carrier-bound immobilized enzymes: principles, application and 
design. John Wiley and Sons. 
Cao, L., Langen, L. V. and Sheldon, R. A. (2003). Immobilised enzymes: carrier-
bound or carrier-free? Current Opinion in Biotechnology. 14(4), 387-394. 
Çelekli, A. and Geyik, F. (2011). Artificial neural networks (ANN) approach for 
modeling of removal of Lanaset Red G on Chara contraria. Bioresource 
technology. 102(10), 5634-5638. 
Chakravorty, S. S. (2009). Six Sigma programs: An implementation model. 
International Journal of Production Economics. 119(1), 1-16. 
Czitrom, V. (1999). One-factor-at-a-time versus designed experiments. The 
American Statistician. 53(2), 126-131. 
Dave, R. and Madamwar, D. (2006). Esterification in organic solvents by lipase 
immobilized in polymer of PVA–alginate–boric acid. Process Biochemistry. 
41(4), 951-955. 
Devi, S. and Sivakumar, T. (2014). International Journal of Advanced Research in 
Biological Sciences. Int. J. Adv. Res. Biol. Sci. 1(8), 212-228. 
Dizge, N., Aydiner, C., Imer, D. Y., Bayramoglu, M., Tanriseven, A. and Keskinler, 
B. (2009). Biodiesel production from sunflower, soybean, and waste cooking 
oils by transesterification using lipase immobilized onto a novel microporous 
polymer. Bioresource Technology. 100(6), 1983-1991. 
70 
Ebrahimpour, A., Rahman, R. N. Z. R. A., Basri, M. and Salleh, A. B. (2011). High 
level expression and characterization of a novel thermostable, organic solvent 
tolerant, 1,3-regioselective lipase from Geobacillus sp. strain ARM. 
Bioresource Technology. 102(13), 6972-6981. 
Fadiloğlu, S. and Söylemez, Z. (1997). Kinetics of lipase-catalyzed hydrolysis of 
olive oil. Food research international. 30(3), 171-175. 
Ferrario, V., Veny, H., De Angelis, E., Navarini, L., Ebert, C. and Gardossi, L. 
(2013). Lipases Immobilization for Effective Synthesis of Biodiesel Starting 
from Coffee Waste Oils. Biomolecules. 3(3), 514-534. 
Foo, K. Y. and Hameed, B. H. (2010). Insight into the applications of palm oil mill 
effluent: A renewable utilization of the industrial agricultural waste. 
Renewable and Sustainable Energy Reviews. 14(5), 1445-1452. 
Furusawa, T., Watanabe, M., Kadota, R., Matsumoto, T., Sato, M. and Suzuki, N. 
(2015). Methanolysis of rapeseed oil to fatty acid methyl esters using 
microencapsulated CaO and TiO2-supported chromium oxide under light 
irradiation. Fuel Processing Technology. 140, 125-131. 
Ghaly, A., Dave, D., Brooks, M. and Budge, S. (2010). Production of biodiesel by 
enzymatic transesterification: review. American Journal of Biochemistry and 
Biotechnology. 6(2), 54-76. 
Ghazali, H., Hamidah, S. and Man, Y. C. (1995). Enzymatic transesterification of 
palm olein with nonspecific and 1, 3-specific lipases. Journal of the American 
Oil Chemists’ Society. 72(6), 633-639. 
Giersdorf, J. (2013). Politics and economics of ethanol and biodiesel production and 
consumption in Brazil, DBFZ. 
Gog, A., Roman, M., Toşa, M., Paizs, C. and Irimie, F. D. (2012). Biodiesel 
production using enzymatic transesterification–current state and perspectives. 
Renewable Energy. 39(1), 10-16. 
Goosen, R., Vora, K. and Vona, C. (2007). Establishment of the Guidelines for the 
Development of Biodiesel Standards in the APEC Region. APEC Biodiesel 
Standard EWG. 74. 
Gopinath, S. C., Anbu, P., Lakshmipriya, T. and Hilda, A. (2013). Strategies to 
characterize fungal lipases for applications in medicine and dairy industry. 
BioMed research international. 
71 
Guo, Z., Bai, S. and Sun, Y. (2003). Preparation and characterization of immobilized 
lipase on magnetic hydrophobic microspheres. Enzyme and Microbial 
Technology. 32(7), 776-782. 
Gupta, A., Kumar, V., Dubey, A. and Verma, A. (2014). Kinetic characterization and 
effect of immobilized thermostable β-glucosidase in alginate gel beads on 
sugarcane juice. ISRN biochemistry. 2014. 
Gupta, R., Gupta, N. and Rathi, P. (2004). Bacterial lipases: an overview of 
production, purification and biochemical properties. Applied microbiology 
and biotechnology. 64(6), 763-781. 
Halim, R., Gladman, B., Danquah, M. K. and Webley, P. A. (2011). Oil extraction 
from microalgae for biodiesel production. Bioresource technology. 102(1), 
178-185. 
Hama, S., Tamalampudi, S., Fukumizu, T., Miura, K., Yamaji, H., Kondo, A. and 
Fukuda, H. (2006). Lipase localization in Rhizopus oryzae cells immobilized 
within biomass support particles for use as whole-cell biocatalysts in 
biodiesel-fuel production. Journal of bioscience and bioengineering. 101(4), 
328-333. 
Hama, S., Tamalampudi, S., Yoshida, A., Tamadani, N., Kuratani, N., Noda, H., 
Fukuda, H. and Kondo, A. (2011). Enzymatic packed-bed reactor integrated 
with glycerol-separating system for solvent-free production of biodiesel fuel. 
Biochemical Engineering Journal. 55(1), 66-71. 
Hansen, S. B., Olsen, S. I. and Ujang, Z. (2012). Greenhouse gas reductions through 
enhanced use of residues in the life cycle of Malaysian palm oil derived 
biodiesel. Bioresource Technology. 104, 358-366. 
Hayyan, A., Alam, M. Z., Mirghani, M. E. S., Kabbashi, N. A., Hakimi, N. I. N. M., 
Siran, Y. M. and Tahiruddin, S. (2010). Sludge palm oil as a renewable raw 
material for biodiesel production by two-step processes. Bioresource 
Technology. 101(20), 7804-7811. 
Hoekman, S. K., Broch, A., Robbins, C., Ceniceros, E. and Natarajan, M. (2012). 
Review of biodiesel composition, properties, and specifications. Renewable 
and Sustainable Energy Reviews. 16(1), 143-169. 
Hou, C., Zhu, H., Li, Y., Li, Y., Wang, X., Zhu, W. and Zhou, R. (2014). Facile 
synthesis of oxidic PEG-modified magnetic polydopamine nanospheres for 
72 
Candida rugosa lipase immobilization. Applied microbiology and 
biotechnology. 99(3), 1249-1259. 
Ibrahim, A. H., Dahlan, I., Adlan, M. N., Dasti, A. F., Nirja, G., Prachi, P., Ajai, P., 
Dharkar, K., Khamborkar, A. and Kalambe, A. (2012). Comparative study on 
characterization of Malaysian palm oil mill effluent. Res J Chem Sci. 2(12), 
1-5. 
Ideriah, T. J., Adiukwu, P. U., Stainley, H. and Briggs, A. O. (2007). Impact of palm 
oil (Elaeis guineensis Jacq; Banga) mill effluent on water quality of receiving 
Oloya Lake in Niger Delta, Nigeria. Res. J. Appl. Sci. 2, 842-845. 
Ihem, E., Onweremadu, E., Uzoho, B. and Ndukwu, B. (2015). Response of Maize 
(Zea mays L) and Soil Properties to Oil Mill Effluents in Ultisol of Emerging 
Biotechnology in Nigeria. Indian Research Journal Of Genetics and 
Biotechnology. 7(1), 67–72. 
Ismail, S., Idris, I., Ng, Y. T. A. and Ahmad, A. L. (2014). Coagulation of Palm Oil 
Mill Effluent (POME) at High Temperature. Journal of Applied Sciences. 
14(12), 1351-1354. 
Izida, T., Bussler, L., Silva, J. R., Andrade, L. H. C., Simionatto, E., Simionatto, E. 
L., Scharf, D. R. and Lima, S. M. (2015). On-line in situ monitoring of the 
soybean oil and ethanol transesterification reaction by fluorescence 
spectroscopy. Fuel. 145, 109-115. 
Jackson, W. B. (2014). Task-based design evaluation. Google Patents. 
Jaeger, K.-E. and Eggert, T. (2002). Lipases for biotechnology. Current opinion in 
Biotechnology. 13(4), 390-397. 
Jegannathan, K. R., Abang, S., Poncelet, D., Chan, E. S. and Ravindra, P. (2008). 
Production of biodiesel using immobilized lipase—a critical review. Critical 
Reviews in Biotechnology. 28(4), 253-264. 
Jegannathan, K. R., Jun-Yee, L., Chan, E.-S. and Ravindra, P. (2010). Production of 
biodiesel from palm oil using liquid core lipase encapsulated in κ-
carrageenan. Fuel. 89(9), 2272-2277. 
Jeong, J.-Y., Son, S.-M., Pyon, J.-H. and Park, J.-Y. (2014). Performance 
comparison between mesophilic and thermophilic anaerobic reactors for 
treatment of palm oil mill effluent. Bioresource Technology. 165(0), 122-128. 
73 
Joseph, B., Ramteke, P. W. and Thomas, G. (2008). Cold active microbial lipases: 
some hot issues and recent developments. Biotechnology advances. 26(5), 
457-470. 
Jusoh, N., Othman, N., Idris, A. and Nasruddin, A. (2014). Characterization of 
Liquid Pineapple Waste as Carbon Source for Production of Succinic Acid. 
Jurnal Teknologi. 69(4). 
Jyothi, N. V. N., Prasanna, P. M., Sakarkar, S. N., Prabha, K. S., Ramaiah, P. S. and 
Srawan, G. (2010). Microencapsulation techniques, factors influencing 
encapsulation efficiency. Journal of microencapsulation. 27(3), 187-197. 
Kafuku, G. and Mbarawa, M. (2010). Biodiesel production from Croton 
megalocarpus oil and its process optimization. Fuel. 89(9), 2556-2560. 
Kilcawley, K., Wilkinson, M. and Fox, P. (2002). Determination of key enzyme 
activities in commercial peptidase and lipase preparations from microbial or 
animal sources. Enzyme and Microbial technology. 31(3), 310-320. 
Klibanov, A. M. (1983). Immobilized enzymes and cells as practical catalysts. 
Science. 219(4585), 722-727. 
Korman, T. P., Sahachartsiri, B., Charbonneau, D. M., Huang, G. L., Beauregard, M. 
and Bowie, J. U. (2013). Dieselzymes: development of a stable and methanol 
tolerant lipase for biodiesel production by directed evolution. Biotechnol 
Biofuels. 6(1), 70. 
Kumari, V., Shah, S. and Gupta, M. N. (2007). Preparation of biodiesel by lipase-
catalyzed transesterification of high free fatty acid containing oil from 
Madhuca indica. Energy and Fuels. 21(1), 368-372. 
Lai, J.-Q., Hu, Z.-L., Sheldon, R. A. and Yang, Z. (2012). Catalytic performance of 
cross-linked enzyme aggregates of Penicillium expansum lipase and their use 
as catalyst for biodiesel production. Process Biochemistry. 47(12), 2058-
2063. 
Le Joubioux, F., Bridiau, N., Sanekli, M., Graber, M. and Maugard, T. (2014). 
Continuous lipase-catalyzed production of pseudo-ceramides in a packed-bed 
bioreactor. Journal of Molecular Catalysis B: Enzymatic. 109, 143-153. 
Li, L., Du, W., Liu, D., Wang, L. and Li, Z. (2006). Lipase-catalyzed 
transesterification of rapeseed oils for biodiesel production with a novel 
organic solvent as the reaction medium. Journal of Molecular Catalysis B: 
Enzymatic. 43(1–4), 58-62. 
74 
Liew, W. L., Kassim, M. A., Muda, K., Loh, S. K. and Affam, A. C. (2015). 
Conventional methods and emerging wastewater polishing technologies for 
palm oil mill effluent treatment: A review. Journal of environmental 
management. 149, 222-235. 
Lokman, I. M., Rashid, U., Yunus, R. and Taufiq-Yap, Y. H. (2014). Carbohydrate-
derived solid acid catalysts for biodiesel production from low-cost 
feedstocks: a review. Catalysis Reviews. 56(2), 187-219. 
Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J. (1951). Protein 
measurement with the Folin phenol reagent. J biol Chem. 193(1), 265-275. 
Mandal, S. and Mallick, N. (2009). Microalga Scenedesmus obliquus as a potential 
source for biodiesel production. Applied microbiology and biotechnology. 
84(2), 281-291. 
Mangas-Sánchez, J. and Adlercreutz, P. (2015). Highly efficient enzymatic biodiesel 
production promoted by particle-induced emulsification. Biotechnology for 
Biofuels. 8(1), 1-8. 
Marchetti, J., Pedernera, M. and Schbib, N. (2010). Production of biodiesel from acid 
oil using sulfuric acid as catalyst: kinetics study. Int. J. Low-Carbon Tech. 1-
6. 
Meunier, S. M. and Legge, R. L. (2010). Evaluation of diatomaceous earth as a 
support for sol–gel immobilized lipase for transesterification. Journal of 
Molecular Catalysis B: Enzymatic. 62(1), 53-57. 
Miletić, N., Nastasović, A. and Loos, K. (2012). Immobilization of biocatalysts for 
enzymatic polymerizations: possibilities, advantages, applications. 
Bioresource Technology. 115, 126-135. 
Mohammad Fauzi, A. H. and Saidina Amin, N. A. (2013). Optimization of oleic acid 
esterification catalyzed by ionic liquid for green biodiesel synthesis. Energy 
Conversion and Management. 76, 818-827. 
Nasaruddin, R. R., Alam, M. Z. and Jami, M. S. (2014). Evaluation of solvent system 
for the enzymatic synthesis of ethanol-based biodiesel from sludge palm oil 
(SPO). Bioresource Technology. 154(0), 155-161. 
Nedambale, N., Ndlovu, N., Ntombela, T., Low, M. and Harding, K. (2014). 
Alternative testing methods to determine the quality of biodiesel. Chemical 
Technology. 16. 
75 
Nisha, S., Arun Karthick, S. and Gobi, N. (2012). A review on methods, application 
and properties of immobilized enzyme. Chemical Science Review and Letters. 
1(3), 148-155. 
Nor, M. H. M., Mubarak, M. F. M., Elmi, H. S. A., Ibrahim, N., Wahab, M. F. A. 
and Ibrahim, Z. (2015). Bioelectricity generation in microbial fuel cell using 
natural microflora and isolated pure culture bacteria from anaerobic palm oil 
mill effluent sludge. Bioresource technology. 
Noureddini, H., Gao, X. and Philkana, R. (2005). Immobilized Pseudomonas cepacia 
lipase for biodiesel fuel production from soybean oil. Bioresource 
Technology. 96(7), 769-777. 
Obadiah, A., Swaroopa, G. A., Kumar, S. V., Jeganathan, K. R. and Ramasubbu, A. 
(2012). Biodiesel production from Palm oil using calcined waste animal bone 
as catalyst. Bioresource Technology. 116, 512-516. 
Olkin, G. C. S. F. I. (1999). Springer Texts in Statistics. 547-576. 
Ong, H. C., Silitonga, A. S., Masjuki, H. H., Mahlia, T. M. I., Chong, W. T. and 
Boosroh, M. H. (2013). Production and comparative fuel properties of 
biodiesel from non-edible oils: Jatropha curcas, Sterculia foetida and Ceiba 
pentandra. Energy Conversion and Management. 73, 245-255. 
Öztürk, B. (2001). Immobilization of lipase from Candida rugosa on hydrophobic 
and hydrophilic supports. İzmir Institute of Technology, Turkey: Doctoral 
dissertation. 
Petkar, M., Lali, A., Caimi, P. and Daminati, M. (2006). Immobilization of lipases 
for non-aqueous synthesis. Journal of Molecular Catalysis B: Enzymatic. 
39(1), 83-90. 
Pierozan, M., Oestreicher, E., Oliveira, J. V., Oliveira, D., Treichel, H. and Cansian, 
R. (2011). Studies on Immobilization and Partial Characterization of Lipases 
from Wheat Seeds (Triticum aestivum). Applied Biochemistry and 
Biotechnology. 165(1), 75-86. 
Pongjanyakul, T. and Puttipipatkhachorn, S. (2007). Xanthan–alginate composite gel 
beads: molecular interaction and in vitro characterization. International 
journal of pharmaceutics. 331(1), 61-71. 
Primandari, S. R. P., Yaakob, Z., Mohammad, M. and Mohamad, A. B. (2013). 
Characteristics of Residual Oil Extracted from Palm Oil Mill Effluent 
(POME). World Applied Sciences Journal. 27(11), 1482-1484. 
76 
Qiong, Y., Zhenyao, L. and Jidong, Y. (2009). Simultaneous determination of 
chemical oxygen demand (COD) and biological oxygen demand (BOD5) in 
wastewater by near-infrared spectrometry. Journal of Water Resource and 
Protection. 1(04), 286. 
Rahman, M. B. A., Tajudin, S. M., Hussein, M. Z., Rahman, R. N. Z. R. A., Salleh, 
A. B. and Basri, M. (2005). Application of natural kaolin as support for the 
immobilization of lipase from Candida rugosa as biocatalsyt for effective 
esterification. Applied Clay Science. 29(2), 111-116. 
Rahman Talukder, M. M., Min Puah, S., Chuan Wu, J., Jae Won, C. and Chow, Y. 
(2006). Lipase-catalyzed methanolysis of palm oil in presence and absence of 
organic solvent for production of biodiesel. Biocatalysis and 
biotransformation. 24(4), 257-262. 
Ramadhas, A. S., Jayaraj, S. and Muraleedharan, C. (2005). Biodiesel production 
from high FFA rubber seed oil. Fuel. 84(4), 335-340. 
Ranganathan, S. V., Narasimhan, S. L. and Muthukumar, K. (2008). An overview of 
enzymatic production of biodiesel. Bioresource Technology. 99(10), 3975-
3981. 
Rashid, R., Zaharudin, N. A. and Idris, A. (2014). Enzymatic Hydrolysis of Used-
Frying Oil Using Candida rugosa Lipase. Jurnal Teknologi. 67(3). 
Renmei, G. and Danian, L. (2009). Immobilization of α-Amylase on PVA Bead and 
Its Properties. Food and Fermentation Industries. 1, 030. 
Robles-Medina, A., González-Moreno, P., Esteban-Cerdán, L. and Molina-Grima, E. 
(2009). Biocatalysis: towards ever greener biodiesel production. 
Biotechnology advances. 27(4), 398-408. 
Rodrigues, R. C. and Fernandez-Lafuente, R. (2010). Lipase from Rhizomucor 
miehei as a biocatalyst in fats and oils modification. Journal of Molecular 
Catalysis B: Enzymatic. 66(1), 15-32. 
Sahoo, B. K., Mishra, A. K. and Pal, T. K. (2011). Optimization and validation of 
modulated release formulation of ranitidine HCl by response surface 
methodology. International Journal of Pharmaceutical Sciences and drug 
research. 3(1), 13-18. 
Salis, A., Pinna, M., Monduzzi, M. and Solinas, V. (2005). Biodiesel production 
from triolein and short chain alcohols through biocatalysis. Journal of 
Biotechnology. 119(3), 291-299. 
77 
Samsudin, M. D. M. and Don, M. M. (2015). Assessment of bioethanol yield by S. 
cerevisiae grown on oil palm residues: Monte Carlo simulation and 
sensitivity analysis. Bioresource technology. 175, 417-423. 
Sanjeev Kumar, S., Kumar, M. S., Siddavattam, D. and Karegoudar, T. B. (2012). 
Generation of continuous packed bed reactor with PVA–alginate blend 
immobilized Ochrobactrum sp. DGVK1 cells for effective removal of N,N-
dimethylformamide from industrial effluents. Journal of Hazardous 
Materials. 199–200(0), 58-63. 
Seker, D. C. and Mohd Zain, N. A. (2014). Response surface optimization of glucose 
production from liquid pineapple waste using immobilized invertase in PVA–
alginate–sulfate beads. Separation and Purification Technology. 133(0), 48-
54. 
Shak, K. P. Y. and Wu, T. Y. (2014). Coagulation–flocculation treatment of high-
strength agro-industrial wastewater using natural Cassia obtusifolia seed 
gum: Treatment efficiencies and flocs characterization. Chemical 
Engineering Journal. 256, 293-305. 
Sharifudin, W. S. S. A. W., Sulaiman, A., Mokhtar, N., Baharuddin, A. S., 
Tabatabaei, M., Busu, Z. and Subbian, K. (2015). Presence of Residual Oil in 
Relation to Solid Particle Distribution in Palm Oil Mill Effluent. 
BioResources. 10(4), 7591-7603. 
Silitonga, A. S., Ong, H. C., Mahlia, T. M. I., Masjuki, H. H. and Chong, W. T. 
(2013). Characterization and production of Ceiba pentandra biodiesel and its 
blends. Fuel. 108, 855-858. 
Soares, A., da Costa, D., Silva, B., Lopes, R., Derner, R. and Antoniosi Filho, N. 
(2014). Comparative Analysis of the Fatty Acid Composition of Microalgae 
Obtained by Different Oil Extraction Methods and Direct Biomass 
Transesterification. BioEnergy Research. 7(3), 1035-1044. 
Song, B.-D., Ding, H. and Wang, S.-C. (2007). Hydrolysis of olive oil catalyzed by 
surfactant-coatedCandida rugosa lipase in a hollow fiber membrane reactor. 
Biotechnology and Bioprocess Engineering. 12(2), 121-124. 
Stoytcheva, M., Montero, G., Zlatev, R., A Leon, J. and Gochev, V. (2012). 
Analytical methods for lipases activity determination: a review. Current 
Analytical Chemistry. 8(3), 400-407. 
78 
Sun, S., Hu, B., Qin, F. and Bi, Y. (2015). Comparative Study of Soybean Oil and 
the Mixed Fatty Acids as Acyl Donors for Enzymatic Preparation of 
Feruloylated Acylglycerols in Ionic Liquids. Journal of agricultural and food 
chemistry. 63(32), 7261-7269. 
Szczęsna Antczak, M., Kubiak, A., Antczak, T. and Bielecki, S. (2009). Enzymatic 
biodiesel synthesis – Key factors affecting efficiency of the process. 
Renewable Energy. 34(5), 1185-1194. 
Talebi, A. F., Tabatabaei, M. and Chisti, Y. (2014). BiodieselAnalyzer: a user-
friendly software for predicting the properties of prospective biodiesel. 
Biofuel Research Journal. 1(2), 55-57. 
Tan, K., Lee, K., Mohamed, A. and Bhatia, S. (2009). Palm oil: addressing issues 
and towards sustainable development. Renewable and sustainable energy 
reviews. 13(2), 420-427. 
Ujang, Z., Salmiati, S. and Salim, M. (2010). Microbial Biopolimerization 
Production from Palm Oil Mill Effluent (POME). Croatia. 
Usha, K. M., Vijayalakshmi, M., Sudhakar, P. and Dayanand, A. (2014). 
Optimization of Process Parameters for Improved Production of Bioactive 
Metabolites by Streptomyces Tritolerans Das 165t. 
Vasudevan, P. T. and Briggs, M. (2008). Biodiesel production—current state of the 
art and challenges. Journal of Industrial Microbiology and Biotechnology. 
35(5), 421-430. 
Wang, Y., Liu, J., Gerken, H., Zhang, C., Hu, Q. and Li, Y. (2014). Highly-efficient 
enzymatic conversion of crude algal oils into biodiesel. Bioresource 
technology. 172, 143-149. 
Witek-Krowiak, A., Chojnacka, K., Podstawczyk, D., Dawiec, A. and Pokomeda, K. 
(2014). Application of response surface methodology and artificial neural 
network methods in modelling and optimization of biosorption process. 
Bioresource technology. 160, 150-160. 
Wong, F. L. and Abdul‐Aziz, A. (2008). Comparative study of poly (vinyl alcohol)‐
based support materials for the immobilization of glucose oxidase. Journal of 
chemical technology and biotechnology. 83(1), 41-46. 
Wong, Y.-S., Ong, S.-A., Teng, T.-T., Aminah, L. N. and Kumaran, K. (2012). 
Production of bioflocculant by Staphylococcus cohnii ssp. from palm oil mill 
effluent (POME). Water, Air, and Soil Pollution. 223(7), 3775-3781. 
79 
Wu, T. Y., Mohammad, A. W., Jahim, J. M. and Anuar, N. (2009). A holistic 
approach to managing palm oil mill effluent (POME): Biotechnological 
advances in the sustainable reuse of POME. Biotechnology Advances. 27(1), 
40-52. 
Xu, X., Jiang, L., Zhou, Z., Wu, X. and Wang, Y. (2012). Preparation and properties 
of electrospun soy protein isolate/polyethylene oxide nanofiber membranes. 
ACS applied materials and interfaces. 4(8), 4331-4337. 
Yiğitoğlu, M. and Temoçin, Z. (2010). Immobilization of Candida rugosa lipase on 
glutaraldehyde-activated polyester fiber and its application for hydrolysis of 
some vegetable oils. Journal of Molecular Catalysis B: Enzymatic. 66(1), 
130-135. 
Yu, C.-Y., Huang, L.-Y., Kuan, I. and Lee, S.-L. (2013). Optimized production of 
biodiesel from waste cooking oil by lipase immobilized on magnetic 
nanoparticles. International journal of molecular sciences. 14(12), 24074-
24086. 
Zabeti, M., Daud, W. M. A. W. and Aroua, M. K. (2009). Optimization of the 
activity of CaO/Al 2 O 3 catalyst for biodiesel production using response 
surface methodology. Applied Catalysis A: General. 366(1), 154-159. 
Zain, N. A. M., Suardi, S. M. and Idris, A. (2010). Hydrolysis of liquid pineapple 
waste by invertase immobilized in PVA–alginate matrix. Biochemical 
Engineering Journal. 50(3), 83-89. 
Zarei, A., Amin, N. A. S., Talebian-Kiakalaieh, A. and Zain, N. A. M. (2014). 
Immobilized lipase-catalyzed transesterification of Jatropha curcas oil: 
Optimization and modeling. Journal of the Taiwan Institute of Chemical 
Engineers. 45(2), 444-451. 
Zhang, B., Weng, Y., Xu, H. and Mao, Z. (2012). Enzyme immobilization for 
biodiesel production. Applied microbiology and biotechnology. 93(1), 61-70. 
Zhao, X., Qi, F., Yuan, C., Du, W. and Liu, D. (2015). Lipase-catalyzed process for 
biodiesel production: Enzyme immobilization, process simulation and 
optimization. Renewable and Sustainable Energy Reviews. 44, 182-197. 
Zolgharnein, J., Shahmoradi, A. and Ghasemi, J. B. (2013). Comparative study of 
Box–Behnken, central composite, and Doehlert matrix for multivariate 
optimization of Pb (II) adsorption onto Robinia tree leaves. Journal of 
Chemometrics. 27(1-2), 12-20. 
80 
Zulkifli, Nabila. Enzymatic production of biodiesel from POME using immobilized 
lipase in PVA-alginate sulfate beads. Master of Science Thesis. Universiti 
Teknologi Malaysia; 2015. 
